Background
Introduction
Childhood mortality is a stubborn problem and remains highest in Sub-Saharan Africa (SSA). 1 and 2 In 2013, the childhood mortality rate in SSA was 92 deaths per 1000 live births, more than 15 times the average rate in developed nations (6 deaths per 1000 live births). 12 Analyses of recent trends however show that SSA is making progress in slowing down childhood mortality rates. For instance, average annual rate of reduction in childhood mortality has accelerated from 1.2% a year over 1990-1995 to 3.9% over 2005-2012. 1 and 12 Apparently, much has been achieved in improving child survival in SSA but definitely much remains to be done.
A review of literature on childhood mortality in SSA indicate that most of the childhood deaths are from preventable causes such as diarrhoea, 3 pneumonia, measles, malaria, 4 HIV and underlying malnutrition, 5 acute respiratory infections, 6 and 7 whooping cough, tuberculosis, 8 bronchopneumonia, 4 dirty feeding bottles and utensils, inadequate disposal of household refuse and poor storage of drinking water. 9 Mounting evidence has also shown that childhood mortality rates vary by socio-economic and bio-demographic characteristics. For instance, women with low or no education; 13 and 14 women in lower wealth quintile; 1 and 15 women who reside in rural areas; 1 and 16 women who have poor or no access to electricity; 17 and 18 women who delay initiation of breastfeeding; 19 and 20 women who did not complete child immunization; 21 women who use illicit substances during pregnancy; 22 women who are indigenous religious worshippers; and older fathers tend to have higher childhood mortality. 1 and 23 In other studies birth intervals, mother's age at birth, number of living children, sex of the child and unintended births are significantly associated with infant and neonatal mortality. 1 Some other researchers examined the interaction between intimate partner violence and childhood mortality. 24 In such studies, 25 it was observed that infant and neonatal mortality was greater among children whose mothers experienced intimate partner violence versus those whose mothers did not experience intimate partner violence. The primary explanation of the influence of violence against women on the risk of neonatal and infant mortality is the possible constraining effect of such violence upon women's ability to physically and emotionally care and provide for their children's basic needs. 26 Little is known about maternal marital status and early children health outcome relationships. In the available literature, single mothers are seen as a sociodemographic risk factor associated with smoking during pregnancy, and maternal depression. 27 Children of single mothers fare worse with respect to cognitive development, 28 educational outcomes, 29 and behavioural adjustment. 30 In Kenya, 31 it was found that children of never-married and formerly married women had higher rates of wasting and were less likely to receive a complete course of polio vaccination.
Most studies have been unable to distinguish cohabiting mothers from married mothers, for instance, in a study of smoking during pregnancy in Sweden, 32 the authors grouped married and cohabiting mothers together. Other studies used indicators of female-headed households as a measure of maternal marital status. 33 However, female household heads and single mothers differ in important ways. 34 For example, measures of female-headed households generally does not capture what Buvinic and Gupta called 'subfamilies', 35 which are made up of single mothers and their children who live within male-headed households. Lastly, a large portion of female-headed households in some countries consist of married women with migrant husbands who send their families substantial remittances. 36 Put simply, a single mother family is where a woman who has had at least one dependent child and is living alone without a partner. 37 Never with a partner, married before, widowed, separated and living with at least one dependent child is the core basis in the definition of single mother family. 38 These data limitations may partially or fully explain the surprisingly weak and inconsistent evidence that children living in female-headed households suffer from poorer health than children living in male-headed households. 1 There are limited studies that have examined the relationship between single motherhood and neonatal and infant mortality in Africa. As a result, precious little is known about whether mortality rates among children aged <1 year of single mothers differ. For example, we do not know whether or to what extent differences in neonatal and infant mortality rates exist between ever-married and single mothers. The Child Health Epidemiology Reference Group estimated that 40.3% of 7.6 million childhood deaths in 2010 (3.1 million deaths) occurred in children aged >1 year. 39 In all, conclusive evidence shows however that early childhood health is the most important phase in life which determines the quality of health, well-being, learning and behaviour across the life span. It is a period of great opportunity, but also of great vulnerability to negative influences. 12 Studies also show that scores of the health and well-being problems we see in adults such as obesity and its associations such as diabetes and heart disease, mental health problems, criminality, family violence, poor literacy, unemployment and welfare dependency have their origins in pathways that begin much earlier in life, often in early childhood. 40 However, this does not mean that what happens in early childhood invariably determines later development; but rather early experiences set children on developmental paths that become progressively more difficult to modify as they get older. 41 This paper aims to document and examine the extent to which the association between neonatal and infant mortality varies between single and ever-married mothers in Sierra Leone, Burkina Faso and Burundi.
Methods
Data for this study are drawn from the latest Demographic and Health Surveys (DHS) in Burkina Faso, Sierra Leone and Burundi. The selected datasets came from 2010 Burkina Faso DHS (BFDHS), 2008 Sierra Leone DHS (SLDHS) and 2010 Burundi DHS (EDSB II). The selected datasets are the most recent and comprehensive of all the demographic and health surveys conducted in the selected countries. The Demographic and Health Surveys are routinely conducted by Measure DHS in several countries using similar methodology. Primary sampling unit (PSU) is regarded in the DHS as a cluster and this is defined on the basis of Enumeration Areas (EAs). Under the DHS programme, samples for the selected surveys were drawn using stratified two-stage cluster design consisting of 574 clusters in Burkina Faso, 336 clusters in Sierra Leone, and 376 clusters in Burundi.
Nationally representative households were selected in each country and all women age 15-49 years in those households were interviewed. The relevant data for this study (women age 15-49 years who had at least one live birth within the five years preceding the survey) were extracted from the whole dataset of each country. Burkinabe (n = 17,087), Sierra Leonean (n = 7374) and Burundian (n = 9389). Births recode data of the Demographic and Health Survey was utilized for each of the three countries. Multiple births were excluded from the present analysis. Weighting factors were applied in the analysis to adjust for oversampling or under sampling of some locations in the selected countries. The outcome variables for this study are neonatal and infant mortality. The outcome variables were measured as the duration of survival since birth in months. The children's survival status and the age at death in months (if the child had died) or the last month they were known to be alive (if child was still living at the time of the survey) were combined to generate the outcome variables. Children known to have died (i.e. non-censored observation) were regarded as the cases, whereas children who were still alive at the time of the survey were treated as rightcensored. Right censoring occurs when a subject leaves the study before an event occurs, or the study ends before the event has occurred 42 The key explanatory variable in this study is single motherhood -categorized as (1) YES (2) NO. Adjustments were also made in the analysis for the effects of characteristics that are established in the literature as important predictors of neonatal and infant mortality in the developing societies. These include maternal education [categorized as (1) Data analysis and management in this study was done using Stata version 11. Bivariate associations were used to examine the association between the independent socio-economic and demographic variables and the dependent variable, single motherhood. In order to examine such an association, Pearson Chi-squared test assisted in identifying factors that are significantly associated with single motherhood. The final stage of the analysis is multivariate analysis which yielded odds ratio. The binary logistic regression model was used in this study because the outcome variables are dichotomous or binary, neonatal and infant mortality coded as 0 (Dead) and 1 (Alive) respectively. A single mother is defined in this study as a woman who has either lived with a partner, married before, widowed, separated during the survey periods and has given at least one life live birth. 10 Ever-marred woman is woman who has been married at least once in their lives although their current marital status may not be married at the time of the survey. 11 Neonatal mortality is defined as a death during the first 28 days of life (0-27 days). 44 Infant mortality is defined as the death of a child less than one year of age. 44 Odds ratio (OR) is defined as the measure of association between an exposure and an outcome. It represents the odds that an outcome will occur given a particular exposure, compared to the odds of the outcome occurring in the absence of that exposure. 45 
Results
In Table 1 (bivariate analyses of neonatal, infant mortality and Burkinabe women marital status and sociodemographic characteristics), using marital status as the dependent variable, neonatal and infant mortality were significantly associated with marital status. Single mothers were 4.4 times more likely to report neonatal deaths compared to evermarried women (OR 4.4, 95% CI 2.701-7.221). With regard to infant mortality, single mothers were 3.7 times more likely than ever-married women to experience infant mortality (OR 3.7, 95% CI 2.714-5.1436). Place or region of residence is significantly associated with neonatal and infant mortality. There were more neonatal and infant mortalities among mothers in the rural areas than in urban areas in Burkina Faso (Table 1) .
With regard to number of living children, mothers with six or more children were more likely to have their neonates and infants die (Table 1) .
Household wealth index was significantly associated with neonatal and infant mortality. Mothers from rich households were 47 times less likely to have their neonates and infants die (Table 1) . A woman's age, numbers of children ever-born, her educational level were significantly associated with neonatal and infant mortality. Burkinabe women with secondary or higher education were 27 times less likely to have their neonatal and infant die compared to the reference group category (Table 1) . With regard to education attainment, Burundian women with secondary or higher education were 54 times less likely to have their neonate and infants die compared to the reference group category ( Table 2) . Number of living children and children ever-born, and household wealth index are significantly associated with marital status (Table 2) .
From Table 3 (bivariate analyses of neonatal, infant mortality and Sierra Leonean women marital status and sociodemographic characteristics), only infant mortality is significantly associated with marital status. Single mothers were 1.5 times more likely to have a child die as an infant compared to ever-married women (95% CI 1.195-1.9727). Source: Calculated from the 2010 Sierra Leone Demographic and Health Survey: *P < 0.05. *** = statistically highly significant.
Sierra Leonean women with higher education were more likely to have their neonates and infants survive compared to the reference group category. With regard to age, the more advanced in age a woman is, the more likely for her to have her neonate and infant die.
Sierra Leonean women from rich households were 28 times more likely to have their neonates and infants survive compared to the reference group category (Table 3 ).
In Table 4 (adjusted odds ratios from logistic regression of neonatal, infant mortality and Burkinabe women marital status), a further in-depth statistical analyses using multivariate logistic regression found infant and neonatal mortality significantly associated with Burkinabe women marital status. Burkinabe single mothers were 1.3 times more likely to have their child die as a neonate compared to their married counterpart. With regard to infant mortality, Burkinabe single mothers were 3.2 times likely to have their child die as an infant compared to their ever-married counterparts. Source: Calculated from the 2010 Burkina Faso Demographic and Health Survey: *P < 0.05. *** = statistically highly significant.
As shown in Table 5 (adjusted odds ratios from logistic regression of Burkinabe women marital status and their sociodemographic characteristics), the logistic regression model for Burkinabe women marital status and their sociodemographic characteristics, women's age, educational attainment, socio-economic status, number of living children and number of children ever-born and place or region of residence were significantly associated with neonatal and infant mortality. Women who had more than five children had more likelihood of having their neonates and infants die compared to mothers with fewer children. Considering household wealth index, mothers who belonged to rich households were 1.6 times more likely to have their neonates and infants survive compared to mothers who are from poor households. Source: Calculated from the 2010 Burkina Faso Demographic and Health Survey *P < 0.05. *** = statistically highly significant.
From Table 6 (adjusted odds ratios from logistic regression of neonatal, infant mortality and Burundian women marital status), logistic regression analyses showed that Burundian single mothers were 1.7 times more likely to have their babies die as a neonate than their evermarried mothers' counterparts. Also, infants of single Burundian mothers were 2.2 times more likely to die than infants of ever-married Burundian women. Table 6 . Adjusted odds ratios from logistics regression of neonatal, infant mortality and Burundian women marital status.
Characteristics Odds ratio 95% CI
Neonatal mortality*** Source: Calculated from the 2010 Burundi Demographic and Health Survey:*P < 0.05. *** = statistically highly significant.
In Table 7 , when all the variables were controlled for simultaneously, women's age, educational attainment, place of residence, socio-economic status, number of living children and number of children ever born were significantly associated with neonatal and infant mortality. Table 8 shows the adjusted odds ratios from logistic regression of Sierra Leonean women and sociodemographic characteristics. Source: Calculated from the 2010 Burundi Demographic and Health Survey: *P < 0.05. *** = statistically highly significant. Source: Calculated from the 2010 Sierra Leone Demographic and Health Survey: *P < 0.05. *** = statistically highly significant.
Discussion
The findings of the study showed increased risks of neonatal and infant mortality with single mothers compared with those of ever-married mothers. Factors such as stress and economic hardship, lack of social support, could have been important in accounting for increased risks of neonatal and infant mortality with single mothers.
For instance, stress can weaken a mother's immune system when CRH, a hormone that makes one more focused and ready to spring into action, is over secreted. 46 Research shows that single mothers experience more stressful life events than do married mothers. 47 The mother's stress can also affect the child, both directly and indirectly. Studies reveal that parenting stress leads to a stricter disciplinary style and less nurturing behaviours toward the child. 48 Mothers who are dissatisfied with their employment status enjoy their children less, are less confident as parents, and have more difficulty controlling their children. 49 These parental behaviours mediate stress into negative influence on the development of the child. Moreover, a recent study shows that parenting stress has a direct impact, independent from parenting practices, on preschool children's social competence 50 A single mother who juggles many responsibilities more readily falls sick, creating an additional strain. For example, a study of various family structures found that single mothers had somewhat lower well-being than did married mothers. 51 and 52 Single mothers face significant difficulty in providing quality child care for their children compared to married women. 53 One study 47 found that a combination of parenting single handedly, financial tension, and strain of over load often lead to neglect of children.
The findings of the study showed a clear effect of maternal age on the risk of neonatal and infant mortality in the three countries. This finding suggest that older women may be at increased risk of neonatal and infant mortality due to common disease associated with older age, such as diabetes and hypertension and complications of pregnancy, such as abruption, which are also associated with increasing maternal age. This finding supports the research findings of Astolfi and Zonta, 54 who found that the risk of infant mortality was high in older women (35 years and above).
With regard to neonates and infants born to mothers living in rural and urban areas, women in rural were more likely to have their children die as neonates and infants compared to their urban counterparts. This supports 1 argument that cities and towns tend to have lower mortality rates than rural areas, possibly because people residing in rural areas are less educated than their urban counterparts and the distribution of amenities favours the urban areas. Access to drinkable water in the rural areas and easy access to health-care services by members of the community could also reduce risks of neonatal and infant mortality. Availability and access to drinkable water within the community could prevent children from contracting avoidable infections and water-borne diseases, such as diarrhoeal disease and other forms of infections. This study points to the importance of good infrastructure for child survival. This result has established an elevated risk of neonatal and infant mortality for communities in poor socio-economic contexts. This finding also establishes one of the reasons rural areas tend to have poorer child health outcomes than their urban counterparts.
Wealth index covariate is another important determinant of infant and child mortality that was established in this study. Mothers of the poor wealth quintile reported the highest rate of neonatal and infant mortality in the three countries. This corroborates previous findings, which established that socio-economic factors such as education, occupation and wealth index are more important in infancy than childhood. 55 This inequity is a composite of many factors, including economic access to antibiotics and other drugs from private venders, where a wealthy family often has a better access in addition to better nutrition and improved housing since access to antibiotics plays an important role in newborn survival.
Maternal educational background was another predictor of neonatal and infant mortality both bivariate and multivariate level across the three countries. Mothers with secondary/higher education were less likely to have their neonates and infants die compared to mothers with no educations. This supports previous studies showing that maternal and paternal education are among the most important factors associated with infant survival. 1 With regard to the number of living children at both bivariate and multivariate level across the three countries. Mothers with more than 1-4 children in households were more likely to have their neonates and infants die as neonates and infant. This finding supports other studies;
1 and 21 their study found that the number of living children and children ever-born are among the most important factors associated with infant survival. The result suggests that the propensity for neonates and infants to survive declines as the number of living children increases.
Conclusion
Results from the logistic regression models across the three countries showed maternal marital status, maternal age, place of residence, number of children ever-born, maternal educational background were statistically associated with neonatal and infant mortality in Sierra Leone, Burkina Faso, and Burundi. The findings of this study have expanded on earlier research that implicated malnutrition, infection, dehydration and diarrhoea in neonatal and infant mortality in SSA. As rate of neonatal and infant mortality remains high in SSA, single mothers-to-be may be targeted with the goal of educating, increasing awareness, and providing resources for proper obstetrical and maternal care.
